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A. Objectives
The objectives of this effort were to (1) determine the contribution of the propelling charges to blast overpressures when the HE projectiles on the complete round pallet detonate en masse, and (2) expand the data base that can be used to resolve similar problems analytically. To determine the contribution of the propelling charges to blast overpressures experimentally, field tests were conducted wherein selected HE projectiles on one, four, and eight pallet arrays (with and without propelling charges) were statically detonated. Air blast parameters measured at selected distances from the pallet(s) were then used to estimate the TNT weight equivalency of each test.
B. Background
The time required to issue ammunition to artillery units at forward area supply points can be critical in the event of a combat emergency. One means of reducing the issue time is to incorporate into the logistic system complete round palletization of separate-loading artillery ammunition (projectiles, propelling charges, primers and fuzes).
Unfortunately, storing the HE projectiles (Hazard Division 1.1) and the propelling charges (Hazard Division 1.2) in the same magazine could result in an increase in the number of magazines required to store a given number of rounds. This is a consequence of mixed Hazard Division storage regulations which require that the explosive filler weight and the propellant weight be combined and the total weight be considered as Hazard Division 1.1 in determining Quantity-Distance restrictions at a storage site.
The Quantity-Distance restrictions define the minimum permissible distance between a potential explosion site containing a given quantity of explosives and inhabited buildings, public traffic routes, etc.
When the total explosive weight at a storage site is known and all the explosives detonate en masse, then the air blast parameters (peak overpressure, impulse and duration of the shock wave) at known distances 2 3 from the site can be calculated using standard techniques • that have been in use for many years. Conversely, measured air blast parameters at selected distances from a detonation can be used to estimate the total explosive weight.
II. SCOPE OF STUDY AND TEST PROCEDURES
A total of eight pallet tests and five calibration tests were conducted in support of this effort. The overpressure versus time history of the shock wave was recorded at 12 distances for each test.
A. Description of Pallets
In practice the 16 complete rounds will be secured to a special pallet, see Figure 1 . For test purposes the pallets were omitted in the one and four pallet simulation tests. However, pallets were used in the eight pallet tests where the pallets were stacked two high, see Figure  2 .
In the one and four pallet tests, see Figure 3 and 4, the projectiles and propelling charge cans were placed on a large steel plate and arranged so that geometric relationship between them was the same as if they were palletized.
All tests were conducted using M107 HE (6.985 kg Comp B) projectiles and propelling charge cans containing either four M4A1 (6.078 kg Ml) propelling charges or an equal volume of inert propellant. Fuzes and primers were not required to satisfy the test objectives and were omitted.
Selected projectiles on each pallet were primed by filling their fuze wells with composition C-4 and inserting the knotted end of a length of Primacord. All Primacord leads were of equal length and were tied together at a junction point as shown in Figures 3 and 4 . The junction point was connected, by a long length of Primacord, to a remotely located mechanical-electrical safety block.
In the first single pallet test only one projectile was statically detonated.
In the remaining tests a multiple point initiation scheme was employed by detonating one projectile in each vertical and horizontal row. The multiple point scheme was used to minimize directional effects. TNT Surface Bursts," Ballistic Research Laboratory Report No. 1344 , September 1966 . Bare Spherical Pentolite," Ballistic Research Laboratory Report No. 1092 , February 1960 . 
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C. Instrumentation
The KSP Industries Model PT-309-2 pressure transducer was used in all tests.
It contains a piezo-electric sensing element which has a nominal charge sensitivity of 610 pico-coulombs per psi, and a natural frequency greater than 120 KHz.
The signals were amplified and recorded on a Consolidated Electrodynamics Corporation Model 3300 magnetic tape recorder. The system provided a data bandpass of from near zero to 20 KHz.
The tapes containing the analog data recordings were digitized at a sampling rate of 100 KHz (real time) in preparation for computer processing and plotting of pressure versus time histories.
To minimize ground shock effects, the pressure transducers were flush mounted, via a Teflon collar, to aluminum blocks. The aluminum blocks were then positioned in the ground, at selected distances, and insulated from the hard rock-filled terrain by several inches of sand.
III. RESULTS AND OBSERVATIONS
The air blast parameters recorded at each station were used to estimate a TNT equivalent weight factor (EWF)* for each test configuration. The final data form is a ratio (R) of the EWF of pallets with live propelling charges to the EWF of pallets with inert propelling charges.
A. Air Blast Parameters
The peak overpressure (P ), arrival time (t ), positive duration m a (t + ) and positive pressure impulse (I) histories of an explosive event can all be used to estimate an EWF. However, in this series of tests only the peak overpressure and arrival time data were used. The measured air blast parameters for each test are presented in tabular form in Table I .
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The EWF in this effort is defined as the weight of a hemispherical TNT charge s detonated on the surface of the earth, required to produce the same air blast parameters that were observed for each pallet(s) configuration. 1. Peak Overpressure. The pressure versus time histories for each test were examined for quality. Approximately 15% of the records were of poor quality and rejected due to ground shock effects and fragment/ debris impacts on the aluminum blocks housing the transducers. The remaining pressure time histories were used to determine the peak overpressure at each station and generate EWF's using the cube root scaling laws and the "Blast Parameters Versus Scaled Distance" Table in Reference 2. The average EWF based on the peak overpressures are listed in Table  II together 
B. Observations
In general, the EWF's based on arrival times were greater than the EWF's based on peak overpressures. The relatively poor agreement between the average values in Test 4 can be attributed to differences in the data base.
In Test 4 a total of six data points were used in calculating EWF in contrast to eight data points for EWF . The two additional ta P Ln1 an average value of 1052 kg and are probably the result of focusing. points used in the EWF solution were relatively high, 1588 kg versus t a C.N. Kingery and W.F. Jackson, "Blast Screening Tests for the Alternate Explosive Fill Program," Ballistic Research Laboratory Memo Report No. 2336, October 1972 (AD 907354) . 
IV. CONCLUSIONS
The contribution of the propelling charges to blast overpressure can be equated to TNT, on an equal weight basis, when assessing the storage hazards associated with the use of the pallet evaluated in this study.
The detonation of only one projectile in a group of pallets can result in the en masse detonation of the remaining projectiles.
No additional testing is required. 
